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(54) MODULE FOR SEPARATING OXYGEN FROM OXYGEN-CONTAINING GASEOUS 
MIXTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a flat solid- 
membrane module formed of plural membrane units and 
capable of separating oxygen from an oxygen-containing 
gaseous mixture. 

SOLUTION: This module comprizes plural planar 
membrane units 300 each of which comprises a channel- 
free porous support 322 which is provided with many 
connected through pores and is in contact with an 
adjacent dense mixed conductive oxide layer 321 having 
no connected through pore. The dense mixed conductive 
oxide layer is placed to have flow communication with 
the oxygen- containing gaseous mixture 325 to be 
separated and the channel-free porous support of each 
membrane unit is placed to have flow communication 
with an oxygen removing means. Oxygen already 
separated from the oxygen- containing gaseous mixture 
is discharged by permeating through the dense mixed 
conductive oxide layer of each membrane unit and 
passing the oxygen removing means through the 
channel-free porous support of each membrane unit. 
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t»*93] fll5¥ffiT"*iofc»ftSS»ft^#?L«^ 
$ ib i-ft 5 r 1 1 ©S^StcD^v 5 

rfli'iaai-^m 2 ©¥B#?uia»6> * fc^ft 9 , mien 

Jf ©¥$*L?L¥« i D /h £ v c k t -f 5 4 

2 ©«B»*:o»t]tJi!6»6 S 6 1' ft 5 - t t f 5» 
*if 5 oSIMwt^^-*. 
[IS** 7] ffHe^^^gjjE^vJ^-^co^-spB 

94, 5 t L< fierogat^-fif^v^-^o 
[fi*Jf 8 ] mJ|fi^^g^-7-^-;w Kd^ft5 r 

[tt*)K9] WfBSFBiH*jft^*«ttlMk*Jl36 s O. 
tefflrojf; $ ?r t o r t t -T 5 If *9 6 co^e - 
[81**101 iMnE¥K©**ofc«»<o*v^?Ltt 
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[«*« 1 1 1 j»e««a#*«ttiMb«»3J s a-a > i» 

ttttSHfc^ ft 9 , £ fcME* £ o fc*8S(Dft V^#?L 

KX^a**fr*«4Rft«a» h ft s ^ t t -r s 

§t*fi l onmM^Mn^V'^-jv, 
[S*#*12] ffi£2K£-**ttEMbttfr£;A. A' 
A" B y B' v - B" v- Os- s - [SC«f, 
10 A, A' A" l4IUPACilii9Sffl§tLfc5E*(»Ji« 

#5E*±9atfix ; B. B' , B* {4[^C< D^'n 
»fi[^KA»p>»tfix, £fcO<xSl, OsSx' sSK 
0 S x " SI, 0 < y S 1 v 0 S y ' 0 S y " S 

1 , 1. l>x + x' +x">0. 9, 1. l>y + 
y ' +y" > 0 . 9, ^ LT z WKl3Efi£^«4iHbft 

[it*3ii3] mmmznti&cDA. a' 

20 A" fi#A->l/.A, 7Fpyfi)A, ^U>)AJ:v>^ 

> A >5> ft 5 » J; <0 m « ft 5 S¥ 2 T* fe 5 r t £ # Wl k -f Z> 
|**« 1 2»KS?#lt»^v ; ^-A" c , 
[ffl*«14l tuISWW^S^rS: : La, A' »• 
Co, Fe,< Cu y - Oa- 2 [SCI 3 , 1. l>x + 
x' >0. 9, 1. l>y + y' +y" >0. 9. 0< 
y' SO. 4 ; eU0<y ff SO. 4X'h<0. A' 

30 t?r#mti-5lt*«l 3©am»»©*^»- 

[it i 5 1 m&w-mm&mirmn&mktos * l 
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im*Jii6i iiFia¥ffi-e**ofc«g&©ft^#?LK 
r k *©s^«*»e)*5»j: 9 sans 5 

r iSr^mt-tSflt* 1 ! 1 1 ©il*^^^^^-/^ 
[lf*3Sl 71 BiTfe^^-y ha*aL#?LSrfl!*.5 

50 Kftv^#?L«^«Fft»ffl*r«l-eB^i-5ttflELfcS^f) 
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[f#*>118] HuEi5l6SSro(tfcl^«l:K)^*-[R] 

» h ft 5 r t zmm t -r 5 w*^ 4 ©i^nt © 

[0 0 0 1] 

©-?&£<, 
[0002] 

[0 0 0 3] Hifc©@f@ISI^~ > b *EV*fc«£ LTK 

Lfco ^©9^ ^v^-A£o< 5HuERa.= 5y f© 
[0 0 0 4] £ft^0fttt£lB£M^*ttf±A9ft0!l 

1 . t Hit-*- 5 msfrft/Ms 

■So 

[0 0 0 5] «*©@ffittt?^$iit@«:««Klt* 

jKVT'li, *H#t ! FB4 > 8 7 7, 5 0 6-§-{^£ttT 
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fi^-»j*3;iifcit*«:«iieiHMWfc l< i±mmxm 

[0 00 6] **©ttft-T»JB**JXfcJ|R»ma*5?a- 
tfffFSM, 4 9 0, 4 4 5*-C»BI^U SftSHfcWt 

10 -^mw-zm^-tZo ^mmwi^Kmitmrnm 
<omtmmv.<r>m 1 ©®~-©&n t » #*L«*m«i© 

t-^mmmmn^xm^mmLx^^mmmzi. <o 

* 3/ 1° > ^ 4 h mzM A©3M£ «r t o 0 mJK^frffi Sr $ 

«LTl^3RJl*ft©$f2Tf£B£rt>o 0 
[0 0 0 7] *H#fPH5, 0 3 4, 0 2 3^l«*© 

#Ajjitg&©/>< HvKoi^(Dl©lot*lti$t 

©»KK{-HulE/N=*A©io©ffi-e#AL, 3?1©I1EE 
^Hufe»IK©f*l^{-JPx., ^Ltf 2ro«E*S^Cl 
2 ©«&©9fE8S©l*3«^DxTBijf5 2 o©jja©$yg-f5?jfc 

*^iRAT-§ ?>m 2 ©*R©«&t^;ft£lt5 0 
[0 0 0 8] *H#?F % 5 , 2 4 0, 4 8 0 ^-(1^*© 

-^-«T©#^^JlKft^#?LSSt, ai^iiL# 

mwiasHWu -©i sftJi^ii^iiHi^*-^*^ 

40 [0 0 0 9] *S#rFf§5, 3 5 6, 7 2 8^ill# 
fFttiM^lfl^WO 94/24065 aSlttt i H 

fczft^xmmmm&zMf&L, *fciw©»*^* 

[ 0 0 1 0 ] BU|E*H#WFB 5 , 3 5 6, 7 2 8^-©^ 
50 y?®mt> L< tt^frifLtv^sE-rioaicDjjitSg^to 
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xrif? y^mm<v%&mmvk£$ift&mmit®fr & ft 

[0011] 

[*W**WftbJ:5i:i-S«Hl SBEflfSJW:*^*- 10 

©«ifE»^a^»mtt^%Ji©^ftttffi«£fSB£-r 
5fcftic»*Lv\ roi 5ft»ft3§te> ^JESr^v^- 20 

[0012] *»wr±fll*»**©-f*^fl:-ct5rit^ , b 
§\ :©i 9ft^*^{b&#;&5^i^-A'£o< 19 _h 

[0 0 13] HuIS-Y^-^kT't Sj^fi^a.^ 

cfffttsiEit-feot fcgix.j'f < , 30 

[0 0 14] ^KW^ffiBffilRe^a— A-t>#|SftK 

fi&fp<k-g-*o«Sft^ft**^^«iJ: 9 w^fifflv^r 40 

[0 0 15] **Wo«- s FBaffiK*^=.-^'S:-3< 5 
±lf 5^5' h fiaiScffl L#7L (through porosity) 

I ^ 5 ilinil L#?L ^iTf 5 ft * o fcitS&©ft V ^ (channe 
1-free) #7L1C3E^ft£{i;t, £ fcffit©#?LttJl i , 

Sf*H^tBS»i-?)«S]ftiJPS^±ti(-i*^ U SI7 5 
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[0 0 16] *St«jli:5k**iifc¥BSHffi§l*^a-^ 
i«iffit£ft5o rji^iiL?Lj i:V^ffli§(±Hufeft*o 

[0 0 17] 

MfB¥ffi»«a^»mi4Slfc^Jf ^#8t£ft 

zmm^WM&®tm.nmmL.x^z^kt. mm 

*• o «■ fcs a» e> * o t h m.% pl ft v \ m tm&n <o*d& 
ft e> tftntis s:£JiTf- s e> teaiiwRw l £ 5 . 

[0 0 18] «HE»3-=y h©»BS^»«ttKfc*Wl 

»^»*tt«{t«r±5C : A. A' A" B y B' 

A' A" ttIUPACKJ:0»ffl*ilfc7C*H»l#*t 
i5i 1 , 2i3A»f)45StFyn5/?7y?^S 
SfiOatfix ; SfcB, B' B* i±PC<^ffl#^tci; 
5d^'p y^ai^JSJ; Diltftt, 0<xSl, 0^ 
x ' SI, OSx' Sh 0<y^l, OSy' SI, 
OSy'Sl, 1. l>x + x' +x">0. 9, 1. 
l>y + y' +y" >0. * LX z l±*lfi)cfei 

[0019] ±fcJH*Sixfcittf, 

Atv^->>)^f,ii5S£t) 31 tlitm 2 ©^JR-C' 

La. A' »- Co, Fe,' Cu,' 0 3 - 2 t?^ ^ 
tt5 [S^0<y' SO. 4, 0<y" SO. 4©» 
o#T\ 1. l>x + x' >0. 9, 1. l>y + y' 
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+ y" >0. 9fJ)0, A' ilXho^f-^A, Ki)t) 

[0 0 2 0] %\\<DMb L*C ffiriB¥EHSI^=5' h<Dfl& 
2S£-^mt£g?{b#JJf i «nE&*ofcjfc»©fcv^?Ltt3t 

[0 0 2 1] l-I^-y h^SofcjiK©ftV^?Ltt 

* fcinxfEKfefl^fifi* LfcvvSmi: , << *>vkmm 
-esv ^tawb^s* £ e $ 4 v a-s r t as <t 

[0 0 2 2] WlBft*ofcj|»o*v^?LttX«r#©x 

JWWl**Jtfl:s?/i'3=-T i fk3-«5ft feWt-t 
[0 0 2 3] iriE*4ofcMKw/j:v^?LttSJ*#«)ff 

IWb4fcJi©ff £ © 5 ffiF£JlT©iI«fc*ri-5$WL& to r 

^{b^ttAM^Ji: LTO. Olv^^D^-^-Ji 
11)5 0 ^D^-^-cD^SWjf ZZfi-fZo 

[0 0 2 4] *3EWOJ3iJ©lllfe09T-|±, StfffispffiBffiBI 

#*tt^{b^S©ffi»«iJ-t?ttilE¥ffiT-*^o7telK©^ 
V^?Ltt5«PflctlWlLrE**iifcsFBi#?L«Jia>fe 

©fc^#?Ltt£#*©ffi#«-e!S l ©¥ffi#?LKJf 
$ LTiSS l o«±© jIflp©5Fffi#?LWi;&» b § 

^MfHSa^MlfttiK'fb^iJi/i^wSgaicoH^i: LT 
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[0 0 2 5] «nElta=:y h <D#?lKJiffiI«a L^-?L 

[0 0 2 6] «-#?LWJI©»4bi^St±ftoflF3fiKJ: 
•9P«iT'^S 0 UK, ##?LSi¥ie*?L¥II£Kit 

10 i5Iif5-i:f#,5 0 |2t, 3-=£?LJ|Jf rt©»?L 

[0 0 2 7] t 5 1 o»J©||Jfe0t|-er±, loJU±©#:H. 
20 ^7LK^»#:wt@>itt{|iJT-tulB 1 o«±©¥ffi^.?|Jf « |c 

E#?L»f ©ffl*tfflT*ful2lf? 1 ©SE»*ro»tfcJit::W» 

[0 0 2 8] mIie»itS§^oitfcS(±Jg^iiL#?L^t30 

fc L< l±«^SrJPXf^mia*t?e#L*l/>Sc«-C©JFS 

8WB**ofcjHE»o4v^#7LK^*flcKHLlRl-fcL< 

[0 0 2 9] fflrefliB£oitfcS<&«&tt«»fffi-c#« 
Mz.liMJ>B. iiM. *P]»4 ift LTXfcOp 
xt# 6. *&lE«E8©8i£ t rai^^Itfisr i ^ 

[0 0 3 0] *5§BJ©*fcgiJ©HJ6^T-«, i'coKrt- 
y h©**f!lt>«IK^®SrBuiE^4o7i»lfS©^V^ 
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fc^tf„ IS y^-t->3 t/^-ty, * 

tV7-, 7>b\ 7^7^ K, ^?*h!J (In 
ternational Union of Pure 
and Applied Chemistry) (C J: 
•57cStWji«#*CDS|II % V, VI, VII , VIII, IX, 10 
X, XI, XV}3J:I£F:/p y ? y *s Z is^TzMfrh'mtft. 

[0 0 3 1 ] ^BJCD^ffigtEII^e 7Ki(t*W^ 

[0 0 3 2] HSiaB#EEg£#K« 3, h <om&&&& 

[0 0 3 3] mmk L< iifficoypir^-a^5rM2¥B 
^&<Z)ft^#ftR£mMS*«fi#£#fci:o-C WIS 

[0 0 3 4] 0J&ff, K*»BufeiI^v ; ^-^d^co# 40 

miwzftft t mnmm Lxmm ztiit 1 oejll©t= 

r t lt, spffiHWR^a-A'^ft-eix© 
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[0 0 3 5] ffifg BSMFfc#R»=y h t» 

[0 0 3 6] ^*^li^v f ^.-7^b#tili-5l^*#IS 

«fl-©ftft: £3Sil "C S ft V ^ r £ ^ &« T- fe 6 „ #J *. 

[0 0 3 7] ^WWtUSAttfU^RLTiS^CTE 

:La,Srx' C o y F e C u ,• Os- 7 
T**£*i5 [jfcck 0<y' go. 4tfc5;tt0< 
y* ^0. 4T*fo5ri:^in% 1. l>x + x' > 
0. 9, 1. l>y + y' +y"^0. 9Tfc>9, -t L 
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r 0. 7 


C O 0. 8 
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Oa-z Jo J: 


tFS r C 0 0. 4 


F e 0. 4 


C u 0. 2 





[0 0 3 9] *|g^W¥ffi@tB^v : ^-/^^fflV^T^ 
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3 0 0m©fififS«§t5 o lffl3Eit*]£3%*L#c 

1-0 

[0040] ttJteftftfl^ttat&^stifcftxa* 

i75ftb,<DJS£k «XifN 2 CK NO, NOi , SO2 , C 
[0 0 4 1] *^«¥Eiaillil^i^-/W±£ ibl^ 

s^mtMft^siStt^*Tiagi-?» 0 3oo°c£ 
>&mmm zm®^ xtmrnm* coffin t m n-r z> 

*|p]l'#Ki$-8r5o 

[0 0 4 2] *%W<D¥-&®mm*i?*.-/u$:m<£-}:< 

gats*, fflnE«;ffa^*ic}f«LTv^**sr*tt 
[0043] ^mowmm^m^ i?*.-/i<zm^x±: 

Jilci)lre*4ofc«K©/iV^#?LK3E«ff*:©tt»t|-C|» 
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m$S<Dh<OXhZ> 0 
[0 0 4 4] 

ti,ft#8tK^-- y h 2 0 »ia?y 1 5 & 1 0 0 ^-ifrz. - y 
h 2 0ll^ofcMfg»^V^?LK5^2 2 

10 mi 5©#|S3i-5ARi:WPffiK:WBM*5fll3iflc3 5 t 
4 0 (CJ; 19, |a=? h 2 Ofcf (ClRS1-5lRS«3S^ 
#5 5£«*.5|BJRIS::j3iyfc:An tiiJP?=*-^K* 

fflS^= y V <DWM 1 5 (D&m^-~ v V 2 0 co^:^ o fc 

f 8S4 5t5 0tif»i§SfSW3 5 t 4 0 & ffiixiga LTfiti 
ETIIttS^^a-zH O^^n-tr^sftti^ttiA^-fr 

[0045] muztzmMMii, mxisttm&® 
t , *^oie^.- y h 2 0 o&w&s-s-^mttjf 2u© 

S£ffi«:«*3.= y h 2 0 <Dfl*fifil3-a|«tt:lMfc;*WI 2 1 

[0 0 4 6] a3^S^#*ttK{t;^ig 2 1 ©ffi*f ffiron 
*^ffi©^ffi^Wfe^*-t*»frzga-#3^iiK2 5 rt-r- 

iitft*iaiRi-s«rt©+^3fc£E*tJEE«i-sr 

30 £-fr#-5„ £M©4§£\ ft 7 5 p s i a 75Mft 2 5 0 p 

*3*T, VHKa^94tttttft;4toA 2 1 ©ft»«T?©jEo 
2 2 3 5 t 4 0 OA P45tL<(i50(e: 

[0 0 4 7] fflettX^AfMB^M^^^tt^^ll 

fflV^rtt^S. h (p e r me a 

te) t±$tmtfymk L-C'X i: fc 9 0ti%©0 2 , jf 
* L<lift9 5fl%«±ffl02 . ^LTfC9 9« 

[0 0 4 8] *36W«)5FffiHttit*^a-A'f±gt3.= y 

50 T'^S^il^l'^-rSK^TfcoTt^^^ 
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[0 0 4 9] fjIflSf^^^-zH 0 
gSt-fM^S. 0£3 

0 0°C75M1 2 0 0 o C< L< 11 5 0 0°C7^9 0 0 

L< «*iJfflT*# 5 fc©-Cfc*Uf if© J: 5 fcttfWMfc** 
S-fr**»fe-Ct>ft5tt*&Jl»S:aK2 5Ki3IIA, 
*-&W«#«^«»Sr#K3-= y h 2 0©^*ofcjt?gro 
*V^#?Lfl3E«Ffl:2 2^ tttittttt 3 5 t L < ftift&tt 
#4 0ICAP4 5t)L<HAP5 0 £g£ LT^A-f- 

&>( h 2 0 ©WEil-g-^ftttlMfc: 

twi 2 1 ^saotit iwnE**&!i*w»±«nEii*Ji 2 20 
[0050] &f&#xfc&(o%m\zm^ir>ix5W&%.n 

ft*w*x**Kiife(&JBi»tt:tt 7 0 ms%©^ * ^ ft 

1 oti%»x^^ 1 omhwssi 5%o~iMbK 

»rii*36»e>*s. «wa«i&JBi»tt*6>KCi 75^ c e m 

[0 0 5 1] mi-iS^s^— ^*>^IS?n#Hfc*^ 

tO-IZ L< (±5 0 Ot: 75311 0 0 O c C<75?£ffit^Pift 

[0052] mm*t^MM^m^m-c\ %tz^n 
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3E«^Offi#«K.E*-C#«aS«IMtn:» ft 9 0%© 

5->x;MShell) 1 0 5 tt^£-^tf 0 
[0 0 5 3] 1212(4121 1 ©¥ffi@ffl^E- v 5 ;*— A©»rffl 

0a, 2 0 b i: 2 0 c tt^ttSticfc^W^V^ 

Ufa.- y h 2 0 a IttSSOfllffil^^a-zuroS 
h—fBttfyiiM^y h^fp-r. 
[0 0 5 4] m 2 y h 2 0 b i*m&m-&&%& 

mtrnm 2 1 T»««rortfc0»3*#*^«a»fofe5. 

g|ft&&9«ttIMbiMI 2 1 ii££fftJi 2 2 fcRjgLT 

1 ©#&K1 2 3 i H 2 ©#?LStJI 2 4 T-fc 60 
yh20b«)«fBt?ftl-e#5i3t, TffiHtBlH^- 
= y h teMmMfoltfi U % 2 ©^?L«S 2 4 i$Bla= 
s> h U %:<r>k\z.%\ ©#?LKJI2 3 
Srl520#7LltJi2 4©#HffiK:#3t**5. rroio 
icLT, ft*ofc«II©fcV^?Lft3£iW*2 2i:ilSl:J3 
£i>*|g 2 »#?LSCJf 2 3 fc 2 4 ^rft-m;^ mllESI«?E 

[0 0 5 5] ijf5^= s/ h 2 0 b ©35 1 £35 2 ©#7L 
ftJISr«l9llift*$*T, $2©#?Lll24iS|lffl 
#?LRJf 2 3 «t <9 A § v ^¥l*)ft?L^S * t> o J: 5 \z § -fr 

jfc^ofcSS§©^^#?LHi^2 2i:©#ffl^fcilH 

#fF^5, 3 3 2, 5 9 7fl^^TV^. SU©Wt 
LT, F20b (4##-?LWS©^tLm^mIt2 

[0 0 5 6] Bi^-^ y h 2 0 c !±K^-- yl-20b©f 

2 ©^?LK)1 2 4 *}5!t?S*o(tfcl 2 6 hft 
%m^-=- y h 2 0 b (D®Jt;*^-t-o SSS5ro(tfcg 2 6 

AoTHI 1 i-^^^fc|giS^#3 5 k 40©AP 45i 
5 O^gTltX^-TSo 

[0 0 5 7] El 3 il^BJ© t 5 i o©3akfl©£flW4 



15 

3 2 0 Wgfi?U 3 1 5 t) N y f RXftii L 
#?L^to^*o7ti5fcKW<ev^?LW^»*3 2 2 -ex 

2 1 a»£>&5 0 ^Wffi^-^s/ F 3 2 0£ril&3 2 5 T* 
ftM-tZ> 0 ?IltSKa= 7 h3 1 5<7>E?iJ£fflq£|3 3 

4 5£fiS;i5J$*ff 3 3 5 tl!q£R3 5 0^«x.S#^3 
4 01Z£ <0m®b&?> 0 m^3 3 5 t 3 4 0t#Ia= 
y h 3 2 0©^i-9fc»©^V^?Lf SH*3 2 2 t 

mti&m-r z> x 5 sas u 5- 3 3 7 tit 33 

?!HwH^*iir5. #W 3 3 5 t 3 4 0 (cPIbT ^CO* 7 
[0 0 5 8] ^«=*7-3 3 7 {4^3 3 5 tla^y 

SolB^&roaBiSrKFC. MfE;&5-3 3 7H*fflMlste 
•fey 5 y Sfc#«4«Si©tm, «*.fi«IB#5 
-iSBit-fSH4BB|3«-=y h 3 2 0<D*|£-Jii:-gH-3 

mttT'foS " i^Bjtg-efeSo MfB# 5-3 3 7 SrlWE 
*tf 3 3 5 k Ra= y V <F>WM 3 1 5 L < (4 

iS5aftlt##|\ W^iiT^? &J5$tt 

it t l < ttw#0>*^tm*at* uth^-ts - 1 

[0 0 5 9] HI 3 t i 53llfeflajH:|fE*^W«ft:S^-4*4» 
<bm£il?&3 2 5(C^ALTWEM3L-y F 3 2 0© 

©Wtt**IW^jaE4r#Bt«-=y h32 0<DSM&iB£* 
•ttNHbftJI 3 2 l ©ffiSt«©»*^ffKaffi^o< o 

Tjg«i-5 0 w?sa-g-#atts6^s 3 2 1 

<75gf*#I±^j±f4iIB&3 2 5rti»jiuf2gf*^*la#il-£- 
*SrStrlE»ilfSaaEtLSriR) 1 3LEE£t± fc L < [4-ttU-# 

■Ct 5 0 ftS^Jff^H^J 7 5 p s i a 75SP5 2 5 0 p s 

J: 0 J: fcfcS. fi£j|5©ffifg«ltt 

*T, 3 2 1 ©*BS*«-e©jE© 

K^ffMJKlJSW 3 3 5 i34 0©An 3 4 5 fc L< 
143 5 Of-X^SIffiLr^ofc^j&W&V^ERX 
Wf3 2 2©«^»«Urifc*fe«*©iaJ|5Hi:+^*^ 

[0 0 6 0] H*g-**#»&*i>P>^ftSixfc**H: 
S ^ ft IfE-f -5 * »B'J <7) 7° n -fe * T*f Uffl T? 1 -5 o H 
$ ^_ h {iAMW^J i LT-«{C> < 1 1 *& 9 0 
$*%<©0 2 , &£L<«49 5§1%00 2 , #C99 



(9) Hl¥8-2 7 6 1 1 2 
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[0 0 6 1] H3©sFaB*BR*i?a.-/USrfflv>-c^j« 
^Sr^l-SBf, H&IHBS^^a.— ^S: 3 o 0^75^1 

2 0 CC, #4 L< (45 0 or;7?;3£9 0 0 c CC>$a|g<7)?fi 

Iidaits. WMWbtalK JOtm 
x v 3:^>fe5^(4fijfflT*^5^©4 o tewmomw&t 

fk**a»645tt»JS(»Srail3 2 5[^AU £fcg| 
***r$KffS£*«r*i&3-=-y h 3 2 OCO^^ofc^SS 
0>fcV*#JLjre#ftfc«IMfAn 3 4 5 U Vff 3 
10 3 5fcA3»I&fcJ:0*AiN5. 

lrR3.= y h 3 2 0©&£ofc^&(7>ftVN#?L®£ffft 

3 2 2fc*AU ^rr-C^^VftSil-CltteSWfa^ill 
*ttH{fc;4*jJI 3 2 1 fc*9loT»3. WK«^TO4ffl 

SI<offl3 2 it«§tifci*^tyig»L > ■£ 

[0 0 6 2] WIE^^^05Kl£:(7>||16^ffiv%f>n5ft 
*&Jl<sf»±. «**»feB«jfi]fflT?#535»^*>SttX* 

LTi*wiE4jssnfc«f&jRfH4ia 7 osfi%co> ^ 

20 >\ *1j 1 0fi*%cO3i^>- N 1 0 75^1 5£*%CD~^ 

[0 0 6 3] HsiciSK^^^-^t^lSfo^b** 
aS, »*L<I4 5 0 0"C75^l 0 0 0 t C<Da*{dADil 

1 0 0 6 4 ] «»W»ttfl*|(fcfRJB-e, 4/c^rrolSfp 

t l< f±^«afpv^Tn*»©^^S) or f^5dast?^L 

t>Rrti-e*)5. {-t*w«^ii*ff4 175^6 BtmmttG 
tsmffimmtTkm, 5 1 l < (4 6 Ksnflt^sr^tfiiBai* 

t£Z>i/x-jV (Shell) 10 5ttjK^^tf 0 
[0 0 6 5] El 4 140 3 (DW-^m^^^^-zUtD^m 

»^*^**ofcM»SO^V^#?LWX^*3 3 2T*iil 
3ft£lRft^*ttttEfeftftJ|3 2 1 <fe*-*-t©-«a* 
50 iiL?L5:1l^5 £> S^-y h 3 2 0 a , 3 2 0 b t 3 2 



(10) 
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0 c fl^n^ftb*4ofc«K^^^#?LK^*3 2 2 
i:igLTEllfc«^ltti«i3 2 l Srfc 
o D 5t-LT. K^=5/ h 3 2 0 attr<Z>H160H 

[0 0 6 6] m4(Om^^y F 3 2 0 b teSlJ©ll»#!j £ 

* u ^J9I^- y h 3 2 o b tt»«a^*«ttife<b;* 

3 2 l-Cffl$tLfcl<D»*e«^C>*5a W3 2 1 
It^mfcm 3 2 2 ClWtS. 8uE5t»#S 3 2 2 
SESE» LT|g 1 (D^JLWm 3 2 3 t % 2 0>#?LK 3 2 4 
4:E*i-^c lax >7 f 3 2 0 b ItSttt^t 2 10 

#?lks 3 2 4^si (D^wm %mm 2 o^lwi 
3 2 4<Dmmmiztt%£ j &z^~y b&ft&mzftM 

*3 2 2 t«l *5iW»2(D#?LRB3 2 3 t 3 2 4 # 

[0 0 6 7] fil^- y h 3 2 0 c tt&=*-~ 7 h 3 2 0 b 
<D^2©#?LWJ13 2 4Sr0 5^$Jxfc»K8&Sr'Ottfc 20 
13 2 6, 3 2 7 t 3 2 S-CllKii&ixSBS^^y h 3 
2 0b Oiij£tt?r*-rc i!fE8&£ottfcJi 3 2 8 tl$tK£: 
oltf:|3 2 6 ^ 3 2 7«MltI^ t> a>Otfft 
g&^ottfcl 3 2 6 ^ 3 2 7 (DPflMIEff 335 

6, 3 2 7 i 3 2 8 RWB&KJI 3 2 1 fcjKSUfclN* 
££Aix5i«B&«:*0fcU 8t*ofc«K^4v^3mS 
Wff 3 3 3 i:^?LKJ!3 2 3SriioT»E8SS:ottfc«3 30 

2 6(D»liA5> S fetcH3fc]*^e>ttfcJR*^^— 

y K*^~ ^**E>*9. 3 3 5, 3 4 0 

£ 3 4 5 £ SEftSilLT^So 

[0 0 6 8] m 5 Jig] 3 fc^£;hJfc¥ffiBft«ftft^W 
ftfflm&TF'i'o 3/ h 3 2 0 c * h 

o Q S(riaiB3^K*oitfclf4*i(DiiSK*roitfcS 40 

3 2 6 ^:12 £>«M&«rottfcJI 3 2 7 I, liiJffiSS 
3 co^^ottfcl 3 2 8 »5ftgS?r. Hul5»EfSSroltfc 
13 2 6 ^ 3 2 7 <D«IS^HiiEX-*-5*lRH-E*** 
Tfo£ 0 BU^mSffilTtt, ffl&£ottfcJB3 2 8f±SJ|5 
iMf t «E*i*S L X ffifi $ ttfc«*^ *S*IrI «>aQI8 £ 
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[0 0 6 9] mlffi^gS^ottfcS 326, 3 2 7 i 3 2 
8(D»lii$f 3 3 5 £ 3 4 5 fc StftitilLT^So * 
f3 3 7ttif 3 3 5(7)1^^^ h^SS^&o. 
ift4ofciitlft©4v^*5LK3£»*3 2 2 t Su!S» l <o : M 

B&£otf-fcB3 2 6 ®nOJdJB 1 0#?L9tJI 3 2 3 a^$ 
2^?LJCJ1 3 2 3 b S:B»i- £ a M^Tt, 16 

iMftM^^itf3 2 1 t^iiauTBas 

3 2 2 Jwii LT«« 3 2 1 tiSL> ^ 1 (D^JLW 
S3 2 3 a, *2<0#ftfM3 2 3 bUliILT, W 3 
35^ 3 4 0 t^51iiLT^5^g&5rOttfcg3 2 
6. 3 2 7 t 3 2 8K»«lS*5o 
[0 0 7 0] B6tt, 

1 0 Sr^B^^^-^-y b 6 2 0 a , 6 2 0 b, 6 
20ct620d (Di&^S LfcjtgiC^Thf 6 Q a 6 
KSSl^fcilO. ¥S : e> ? a-;l/^3/h 6 2 0 at6 2 
0 bSrjtt^JtcaBKU W ; e^a^6 2 0 ct620 
dSrE?iJfcig^i-5o ^^^^^MWe 1 0Sr»ffi 
#6 1 5tvN>y^t^ lg»bfc»*^*5Sfra-fi*S: 

rcoj: 3*«^^*ritrC«ff^»*^=L^6 2 0 
a, 6 2 0 b. 6 2 0 ct6 20d(0#I«yhOi 

S^sl— 2 0 at 6 2 0 b ftT^|t^^&^^ 
&4WtS*feixfcll3ltfc*»6 3 0 ^65 OSrSSLT 
iK*-T£o jatt^K^^-^S 20ci 6 20 dT?d 
ltS*T/*:ll*Sr#*6 4 5 t 6 5 5CiR*i"So 

i^-J^y^lPSe 35H6 5»lt^^ 

*j>'yt:mz>mv6 4 o 1 6 6 oxmM-r&o 

[0 0 7 1] fflk<Dsm@ft9&-~y h^fe^a^PffiH 

fgffi^v^— 620a v 620b, 620ct620 

[0 0 7 2] *fflRAi5*(7)^i:%x.5¥ffi@tBBI ; E- 
[0 0 7 3] f J^lOO^pyMO. 01;^p 
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<Dmmx~$m Ltc^nwm ©xk amx # 5. m z. if, 

£*©I6> #ILfW±i;i*Lt»fettl!^j:5Jl? 

[0074] *«w<ofli©»s-f s^?LSttwaaf±'> 

T srn-f ir >- fc k 5 a»e> x* & 5 . 

[0075] *%w<omm-mi-zm>&mn.®.mkmt 

*T«HEa^'**ttlMfc*Sro<5XSi:» = hi/- h 

[0 0 7 6] **BO¥Bl3=S' hf±0fa©iS^*« 

W<D&yLWV^zf<D±J,z&m LTj5TS©»&Jl£if J&L 
T{^-C#5 0 *»©fS?6&fi©aD*©;fc». *£|3#© 
^7L©¥*&^S^Jt6^ LTMieftS o fcsftSgcoftv 
JtS«P*oi5«) s l«&«?L«r/h*<i-5. r^iiftfL^S 

[0 0 7 7] 

[0078] mmm 1 : 

-/WJ&t)£Vr ; ]>©«?&«* 

M p a 
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#*5;40»550p>i *fc©»*#J3Efa&&ll!&3. 
= y h©»*a^lMbftJi*r«9Jor8 0 0°C£igx.3 

W>K*Sr^lli-ai*, 2 0 0M2 5 0 ps i g^ffifiD 

fl!l;6> 6. ISSt LT200M2 50ps 

fit (i. 3nmi. 7M P a) omm^MiW^m^ 
m^-y v<n>m%m&mnmkfc®m<»mz*wm<>x 

[0 0 7 9] ScW©@f3£©«[*Srl8*P©#tt»*©-fe7 

J'oi50Ml50Mpaa^ 

tf* Lao. 2 Bao. 8 Coo. 8 F e o. 2 O 

(LBCF) [16 0MpafI(D#tt3$^ x 8 

SFC»2i/7^jxfeWWl2 0. 4MpaW^S 
St, 14. 5(7)7^yW#tt^((l 9 9 S^fiJU. ^ 
K^V (Ba 1 achandran) {£#><7)T 

(Am erican Ceramic Society 
Bulletin) |74 tg7 1 K) ) «T fc O <7> £ 
$-<T^5 0 -tO^ttaHSttSftE^b 1 2 4Mp a^fl 

Mp a 



LBCF 6 0.0 10. 

LBCF 6 0.0 10. 

LSCF-2 124.0 14. 

LSCF-2 124.0 14. 



0 1 0~ 8 9.5 

0 1 0~ 10 6.0 

5 1 0" 8 3 4.8 

5 1 0~ 10 2 5. 3 



fi5 75M4 OMp a ^*Sffl*t?fc5o 50 



[0 0 8 0]f«U00y m£lT^^¥ffiia,@R^^ 
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loi*^^^©* *K»1-SJt©**4ll[H:#L 

9 7 5^-7^0 — t/PttflJP — ? (Rourk) fc-\rV* 
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^ (Young) ^t-^^x; y*r, x 

h * h W > (Formulas fo 

r Stress and Strain) SrffiV>5^ 
iriS-e^S. l. 5M P a^flt^P^fjJtfc^jElcifx. 
5 /eft, «nE«*»£*«telMI^W-*£Lfc*HJ& 



1 : 1 

2 : 1 

3 : 1 

4 : 1 

5 : 1 

6 : 1 

7 : 1 



0. 
3 . 
7. 

1 3. 

2 0. 

2 9. 

3 9. 



fc*103**»i±9, 3*ri£TF75^6 : 1 «{g<D|fiH 
*rffix.TI±/£P>*V\ Mrojf 1 0 0 /x mUU$LV^ 

||7 7 x<nM&&ifelZ3 0 0 7!;M6 0 0 pmHT 
[0 0 8 1] fufB#?LS^frt>-^PXi*/hPl(0^ 

[0 0 8 2lla=-7 h©i^H^i|tW»itT 

[0083] m<Dmt lt, s^s-a-^mtt^ft^ssr 

ft, «^KlW^®?L^*ia#fFm5, 3 3 2, 5 9 7 



[0 0 8 4] Hffiftf 2 : 

Lao. 2 S r o. e Coo. 4 F e o. 4 C u 0 2 

0 3 -, ; H-^^a.— a-St^BS^-^? h»wsa 

^ttttSMSSrLao. 2 Sro. s Coo. 4 F 

eo. 4 Cuo. 2 Os-,' -efML-c~i^ipxf# 

£\ 2. 0 5a*a»La 2 Oa- 7. 4 2fiSg|5©S 
rCO, , 1. 8 8lIH!»CoO, 2. 0 1 fiir£E© 
30 F e 2 O3 JSiVl . 0 0a*§PC0CuO5r 1 2BfMW 

2 4B#KC0W 1 0 0 O'CcDSm-fe&U ^ifi 

ffa-^LT^m^T'l 0 0 0 C C»S*^2 4B#P B ^C0PflS 

40 [0 0 8 5] r©iifi$^,;iKfcT&©-lx5£L a , A' 

,< C O y F e »' CUy- 0 3 -z W<t\ 1. 1> 

x + x' >0. 9, 1. l>y + y' + y">0. 9, 
0<y' SO. 4^lt0<y' SO. 4, A' (±Xh 

* lx z (4Mwaa^mttstft%m#£+ttic-t5i^ 
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[0 0 8 6] Idfcftl 3 : 

^^jiK^ftmmm-fz 2o©#gij©#?L«f fctv 

[0 0 8 7] $3&m 2 hit XV vzntliy 

JP£2S 1 0 0 n m^fiW*ftS7 i -7 P ?ro< ofc G 
fl(£3 0%'mffl»<r>3 — >x.9—=?-%-$m* V y-fnW, 
2©K-g-#l{-AQx., *-LTJ¥£#l 0 0(imftt»f2 

[0 0 8 8] ilip^TLRB&^-vx^-^^ km 

*a (w©»i©#?LftJicj:i)*frv^?Lea*o< 

^#7LJt£8P{ttlfcH 4 t 5 (CIS n Lfc i 5 d $ 
[0 0 8 9] mi £3§2<75iSSg£otf/Ui£^j*x- 

^^fToTXifcDPXLfc,, ^tbf>©)i^ (a) t 

(b) ro< ofc«^©*t>*MW©^?LJtJiKfl|JiLT 
7F&tlttm&mt$:^< 9±(f3 0 *&*£©»* h y y 
7ZT±>yy-(Omiz.£iblzmmLX5E±im%iLt: 

yH-»$t±Sri-5 0 40 

[0 0 9 0] Wtfi:*5?a-*fcJ;9a*3;Kfc!tilffc 

/p©* # v ^frrS© f>£>£il LT^vf- v ^(c i "5 ?L£ 

-^©[5fC^©^lftT*@«^*fc 0 £j£Lfc*S?=. 
-/KT-feVT'y — £3 0 0M4 0 oroOjSST'A^t' 

»io 2 stfifflssfiSLx^ mrnmL^ 
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KiJ**titBWW-5fll*»*3»«tt»fl:*JI*»fe45 

[0 0 9 11 ^^J6Bf**fcg|*^a— /PSr*©*, 8 
SOtfflialdPiLT, ^2 50 ps i g©J±^) 

L> 9 9. 9 5%«±©<aM^lJ*rlWnEBt*^a--^© 
[0 0 9 2] HSi0!| 4 : 

2©gt*-s^-/w£, ^-:/JE»cJ:9MlE»i!g}i-g-i£ 

»*RT^£»£LT*^W$/i^tt#Lfc. fulfil 
ISU ^©^ft£JI®«g{^oT«^#*«|*§x- 

m&mz<r-7i£m lx% 1 ©*^x-^±(c 1 

H-CftS 5 ttttTff £ tfS 5 0 0 ix m^m<r>^7—-?lt$i 
m £ o ft fc Jf t la Se t fc„ M fEffii-C fcflt itSWJ £ * © 

[0 0 9 3] 

[*^©am] w±a^fcii "9 *%micfrfrz¥-mmft 

K*S^-/mftfTSfif ©files' MiAfetbSIMMR 

^Ig-rsr t^-etfct©"C*fc5„ 
[0ffi©ffi^UiM] 

[01] aaiiL#7LSr«x.S**ofcfltB&©'tv^#7L 

¥BHffi^^3.-^©-HffiM©^iaT, 

[02] 3o©¥IB«3-=--7 h©*iS#lt?, ^©^ 
ll««i6SiiiBiL#?L«:||*.5ft*ofc«Ett©4^^?L 

[0 3] *«GiL#?LSr*-f5ft4ofcaaft«)ifcv^?L 
¥ffi@ffiBI^--5' h*»e>3fc5¥ffiHtBB! j ei f 3.-^©f|fe 
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* v t tfttLmm lt v x 5 ^ * £ r t 

[0 4] 3o(Dl^y mttflt?, -tO^i^ 

[0 5] H3KRWSixfc¥BHWBt*^*— 10 

tt-r 5 m <d w-^m^ ~ - ^ <r> §lm \zm -r % ^ w 

[0 7] WU^ittitttfc^Lao.. S 
r o. s C o o. 4 F e o. 4 Cuo.2 Oa-*' 69 

l o spffiBtBK^^— ^ 

1 5 ^V ? n.-/W£Dga?IJ 

2 0 a, b, c BS^^y h 

2 1 m&m&mmitmktom 

2 2 fc^^tzffi&tDte^grllW^ftm 
2 3 Jg 1 (D^KWM 

2 4 |g2^?L«Jf *30 
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2 5 n*&*r«ttaE^« 

2 6 aKSrottfc* 

3 5 -e^/jN— K 
40 #f 

4 5 fflnffK (MPS) 
50 ffipfK 

5 5 ft^£«M* 

3 0 0 ¥B@ffl8£=ev^— a- 

3 15 ^e^a— y^coia^ij 

3 2 0 a, b, c IS^— *y h 

3 2 1 «*«£*«ttlMfc«3Jl 

3 2 2 8t4ofc*»<Z>*l^?LltSl*ffJi 

3 2 5 

3 3 0 J&*JX-<<-* 

3 3 3 ft*ofc«K<7)4^#?L|t3t«F*« 

3 3 5 -r^aft— /V K 

3 4 0 SJfW 

3 4 5 tbP^K 

3 50 

6 1 0 ^^v^^^WiSSBfi- 

6 1 5 mmt 

6 2 0 a, b, c, d W^v/a-;^^^ h 
6 3 0 

6 3 5 (^^^y^iPS) 

6 4 0 m*g 

6 4 5 *f If 

6 5 0 

6 5 5 ^ 

6 6 0 ^ 

6 6 5 /^v^^MP&B 





*K (X) 



(16) 



^mW-S~ 2 7 6 1 1 2 



(72) ^^x/k yj-y- 

T^y^7^*H. 18103. ^>i//W<~T 
3920 

(72)3JW# ^y^/^. 5^7^— K 

T^y^^S. 18059. ^>->yW<^T 

ij+l. u — yx. i/3>. v-r— £y 
K. K5>f^. 1127 
(72)?§^# ^x-^-^V. y-. /i—lf^ 

T^y^^^B. 18104. /<yi/;W^7 

K. 1430 

(72)%9!# -vftrfr. 7 7^. ^-Yn^>- 

T^y^^^S. 18103. ^WAv^T 

K. 1041 



(72)5§W# fV/k x-Y^- 

T^y#£**B. 84117. :x*jffl. y/uK 

— ^/K 1041 
(72)3§K# v^x7!)-. K-f^K. ^7>f h 

Tyy#^*B. 84108. ^*#|. y/Ub. 
1/ — y . v-r>f. y^^h^. T-<— 
^ — . 1780 

(72)SIPJJ# Uj*>h\ TVahy. ^^F?- 

ryy^^H. 84010. ^yw. 

— * K 1175. ^9*. 1574 
(72)f&W# fVt^yK. tf-fl)*—. 7 P P-X 

Tyy#^*@. 84124. ^y#i. y^-K 
y. y v. 

1820 

(72) SHE* nbf^. xK!7-K. y^-t-K 

ryy#^*a. 19446. xl>->,w^t 

'>H. 5yXr/k r^-c^f. 1350 

(72)»w# yy/K r^^-y^. y^y> 

T^lijJ^tl. 84084. 3l^iW. 
y/U. 3528 



